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(57) Abstract 



The present invention provides an endolumi- 
nal prosthesis for deployment in a body lumen of a 
patient body, the prosthesis comprising a tubular fab- 
ric linen and a radially expandable frame supporting 
the liner. A plurality of imageablc bodies arc at- 
tached to the liner, the imageable bodies providing 
a sharp contrast so as to define a pattern which in- 
dicates the prosthesis position when the prosthesis 
is imaged widiin the patient body. Preferably, each 
imageable body comprises a plate having first and 
second opposed major surfaces and a passage there- 
between to facilitate stitching the imageable body to 
the liner. Advantageously, the imageable bodies can 
be aligned with the openings of a perforate frame 
structure so that at least some of the imageable bod- 
ies are visible through associated openings, but need 
not actually be attached to the frame directly. Such 
imageable bodies are clearly visible when the pros- 
thesis is deployed, and can also be sized to produce 
distinct images even when the frame is compressed 
within a delivery catheter, but will not interfere with 
the radial expansion of the frame during deployment. 




< 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to die PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


BS 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Amtenia 


n 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


re 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Aiutialia 


GA 


Gabon 


LV 


Latvia 


5Z 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kfaigdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Baitadoa 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Tinkmenistan 


BF 


Burkina Paso 


GR 


Greece 




Republic of Macedonia 


TR 


T\iikey 


EG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


Bi 


Benin 


IE 


Ireland 


MM 


Morigolia 


UA 


Ukraine 


BR 


BraiO 


IL 


Urael 


MR 


Mauritania 


UG 


Uganda 


BY 


Bclaiut 


IS 


Iceland 


MW 


MaUwi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Centrat African Republic 


JP 


Japan 


NB 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


S\yit2erland 


KG 


Kyigyzstan 


NO 


Norway 


zw 


Zimbabwe 


CI 


Cdte d'lvoire 


KP 


Democratic Ptople's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


FT 


Portugal 






CU 


Cuba 


KZ 


Kazakttsn 


RO 


Romania 






CZ 


Czech Republic 


VC 


Saint Lucia 


RU 


Rossian Federation 






DE 


Germany 


U 


Uechtenttein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Uberia 


SG 


Singapore 







wo 97/37616 , PCT/US97/05377 



ENDOLUMINAL PROSTHESES HAVING 
5 POSITION INDICATING MARKERS 

BACKGROUND OF THE INVENTION 

1. Ti9l<^ of thfi Invention 

The present invention relates generally to tubular 
10 prostheses, such as grafts, stents, stent-graf ts , and the 
like. More particularly, the present invention provides 
endoluminal prostheses having discrete position indicating 
elements which facilitate orienting and deploying the 
prostheses within body lumens, particularly within branching 
15 blood vessels for the treatment of abdominal and other 
aneurysms. 

Vascular aneurysms are the result of abnormal 
dilation of a blood vessel, usually resulting from disease 
and/or genetic predisposition, which can weaken the arterial 

20 wall and allow it to expand. While aneurysms can occur in any 
blood vessel, most occur in the aorta and peripheral arteries, 
with the majority of aortic aneurysms occurring in the 
abdominal aoxrta, usually beginning below the renal axrteries 
and often extending into one or both of the iliac arteries. 

25 Aortic aneurysms are most commonly treated in open 

sxirgical procedures, where the diseased vessel segment is 
bypassed and repaired with an artificial vascular graft. 
While considered to be an effective surgical technique, 
particularly considering the alternative of a usually fatal 

30 ruptured abdominal aortic aneurysm, conventional vascular 
graft surgery suffers from a number of disadvantages. The 
surgical procedure is complex and r*equires experienced 
surgeons and well equipped surgical facilities. Even with the 
' best surgeons and equipment, however, patients being treated 

35 frequently are elderly and weakened from cardiovascular and 
other diseases, reducing the number of eligible patients. 
Even for eligible patients prior to rupture, conventional 
aneurysm repair has a relatively high morality rate, usually 
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from 2% to 10%. Morbidity related to the conventional surgery 
includes myocardial infarction, renal failure, impotence, 
paralysis, and other conditions. Additionally, even with 
successful surgery, recovery takes several weeks, and often 
5 requires a lengthy hospital stay. 

In order to overcome some or all of these drawbacks, 
endovascular prosthesis placement for the treatment of 
aneurysms has been proposed. Although very promising, many of 
the proposed methods and apparatus suffer from undesirable 
10 limitations. In particular, proper positioning of an 

endovascular prosthesis within the vascular system can be 
problematic. 

Accurately positioning and orienting endoluminal 
prostheses is critical to the efficacy of endovascular 

15 aneurysm therapies. These tubular prostheses are generally 

introduced into the vascular system within a catheter and in a 
radially compressed configuration, typically being maneuvered 
into position under fluoroscopy* The positioned prosthesis 
will radially expand, preferably engaging and sealing against 

20 the endolithium of the healthy vessel wall both upstream and 
downstream of the weakened, distended aneurysm. The 
prosthesis may expand resiliently when released from the 
catheter, or may be mechanically expanded, typically using a 
balloon catheter, in either case, the prosthesis will 

25 preferably span the entire aneurysm to prevent pressure from 
acting on the weakened lumenal wall, and to prevent leakage 
through any rupture of the aneurysm. To provide these 
advantages, the prosthesis must be axial positioned accurately 
across the aneurysm so as to Isolate it from the blood flow 

30 through the prosthetic lumen. 

Proper radial orientation of endoluminal prostheses 
is also important, particularly when deploying branching and 
asymmetric prostheses within the tortuous vascular system. If 
the branches of branching prostheses are not oriented toward 

35 their respective branching body lumens, the surrounding body 
lumen may be distended to adapt to the misaligned prosthesis, 
or the prosthetic lumen may be distorted or even closed 
entirely. Por example, if the trunk of a bifurcated 
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prosthesis is deployed with a branch oriented 90" from the 
iliac arteries (i.e., angling dorsally rather than laterally), 
the prosthetic branch lumen nay fold or kink, and will have to 
at least bend at a sharp angle to enter the laterally oriented 
iliac. In fact, as branching prostheses are often assembled 
in situ, it may not be possible to introduce the branch 
prosthesis into such a misaligned branch port. As recapture 
or repositioning of expanded endoluminal prostheses is often 
problematic, it may even be necessary to resort to an 
emergency invasive procedure to remedy such misalignment. 

Tubular endovascular prostheses are often formed as 
stent-grafts having a flexible tubular liner or "graft- which 
is supported by a perforate tubular frame or "stent". The 
frame perforations define radially expandable structures, 
while the frame often include metals which are, to some 
extent, visible under fluoroscopy. 

To facilitate positioning of endovascular 
prostheses, it has previously been proposed to coil gold or 
platinum wires around an element of the perforate frame 
structure to enhance the visibility of the prosthesis under 
fluoroscopy. Similarly, it has been suggested that a tube be 
crimped over an element of the frame. Unfortunately, affixing 
such structures to the frame may limit or interfere with the 
radial compressibility of the prosthesis, it can also be 
difficult to identify the portion of the frame having an 
enhanced image against the backdrop of the frame itself, and 
to orient the prosthesis properly based on one or more 
enhanced frame arms. 

Alternatively, it has been suggested to affix 
radiopaque lines or image markers to bifurcated grafts in the 
form of fine wire or chain, either woven into the cloth or 
applied after weaving, or as an inert paint or plastic. 
However, the liners of endoluminal prostheses must remain 
highly flexible, typically being folded when the prosthesis is 
compressed and unfolding during deployment, wires, chains, or 
paints Which are sufficiently flexible will generally provide 
only limited-contrast images when the graft is supported by 
the obscuring frame, and may become detached from the 
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prosthesis once deployed in the body lumen, with potentially 
catastrophic consequences. Moreover, imaging of such thin, 
flexible, low-contrast markers is particularly difficult when 
the prosthesis is in the high density, radially compressed 
configuration and disposed within a catheter, as is generally 
required for intravascular maneuvering. 

Por these reasons, it would be desirable to provide 
improved endoluminal prostheses and methods for their use. It 
would be particularly desirable to provide endoluminal 
prostheses having high-contrast orientation indicating imaging 
markers which do not interfere with radial compression or 
expansion, and which are securely and reliably attached to the 
prosthesis. It would further be desirable if such markers 
could clearly indicate both the position and orientation of 
the prosthesis, ideally while the prosthesis remains 
compressed in the delivery catheter, but without substantially 
increasing the size of the delivery system. 



2* DascriPtion of tha B^jckorotind At-^ 

co-pending U.S. patent application serial no. 
08/538,706 (Attomey-Docket Mo. 16380-003800), filed October 
3, 1995, the full disclosure of which is hereby incorporated 
by reference, describes modular prostheses and prosthetic 
construction methods. Provisional Application Serial No. 
60/008,254, filed December l, 1995 (Attorney-Docket No. 
16380^003400) , also incorporated herein by reference, 
describes bifurcated modular prosthetic structures and in situ 
methods for their assembly. 

Published PCT patent application WO 95/21,592 
describes a bifurcated endoluminal prosthesis including a 
bifurcated stent and a second stent. One or more X-ray opaque 
coils or tubes may de disposed over an arm of the stent 
structure so that the stents can be aligned and engaged in 
situ under X-ray monitoring. U.S. Patent No. 5,387,235 
describes a bifurcated graft having radiopaque lines and 
markers formed of fine wire or chains of inert metal, or of an 
inert paint or plastic. 
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SUMMARY OF THB IMVEHTION 
In a first aspect, the present invention provides a 
tubular graft comprising a polyester fabric and a radiopaque 
marker disposed on the graft. The marker has been applied to 
5 the graft as a compound comprising radiopaque particles, a 

polyester matrix for affixing the radiopaque particles on the 
graft, and a polyester solvent. Preferably, a protective 
overcoat is applied over the marker to prevent the compound 
from detaching from the graft when the graft flexes during 
10 deployment or from physiological movement. Ideally, a pre- 
coat is applied before the compound, and the radiopaque 
particles comprise tantalum particles having an average 
diameter of between about i and 5 microns. 

In a preferred aspect, the present invention 
provides an endoluninal prosthesis for deployment in a body 
lumen of a patient body, the prosthesis comprising a tubular 
fabric liner and a radially expandable frame supporting the 
liner, a plurality of imagable bodies are attached to the 
liner, the imagable bodies providing a sharp contrast so as to 
define a pattern which indicates the prosthesis position when 
the prosthesis is imaged within the patient body. Preferably, 
each imagable body comprises a plate having first and second 
opposed major surfaces and a passage therebetween to 
facilitate stitching the plate to the liner. Advantageously, 
the imagable bodies can be aligned with the openings of a 
perforate frame structure so that at least some of the 
imagable bodies are visible through associated openings, and 
need not actually be attached to the frame directly. Such 
imagable bodies are clearly visible when the prosthesis is 
deployed, and can also be sized to produce distinct iiuages 
even when the frame is compressed within a delivery catheter, 
but should not interfere with the radial expansion of the 
frame during deployment. The imagable bodies optionally 
comprise a radiopaque material, or may alternatively produce 
enhanced ultrasound images. Preferably, the frame and the 
imagable bodies will have a similar electromotive force (EMF) 
to avoid corrosion. 
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In another aspect, the present invention provides an 
endoluninal prosthesis for deployment in a body lumen of a 
patient body, the prosthesis comprising a tubular fabric liner 
and a radially expandable frame supporting the liner, a 
plurality of radiopaque marker elements, each defining a 
passage therethrough, are stitched to the liner through the 
passage. The marker elements indicate a position of the 
prosthesis when the prosthesis is radiographically imaged 
within the body lumen, m some embodiments, the marker 
elements comprise plates. Alternatively, the marker elements 
comprise wires having a plurality of loops which define the 
passages. 

In yet another aspect, the present invention 
provides an endoluminal prosthesis for deployment in a body 
lumen of a patient body, the prosthesis comprising a radially 
expandable tubular body defining a centerllne and a plurality 
of radiopaque marker elements disposed on the body. The 
marker elements define a pattern when the prosthesis is imaged 
within the patient body, the pattern including a gate disposed 
adjacent to a distal or proximal port. The gate compriseB 
radially separated marker elements on opposed sides of the 
centerllne when the prosthesis is properly oriented to 
facilitate deployment of a secondary prosthetic module within 
the adjacent port of the prosthesis. Optionally, the pattern 
aay Include two axially separated gates which define an 
allowable prosthetic overlap region therebetween. As the 
marker elements which define these gates are offset on 
opposite sides of the centerllne, they remain highly visible 
when the delivery catheter containing the secondary prosthetic 
module is being positioned within the port. 

In yet another aspect, the present invention 
provides an endoluminal body lumen marker for use in 
positioning a later deployed endoluminal prosthesis in a body 
lumen. The lumen marker comprises a body which produces a 
sharp contrast when imaged within the lumen, and a support 
structure which maintains a position of the lumen marker 
within the body lumen until the prosthesis is positioned and 
deployed across the lumen marker. In some embodiments, the 
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body coa^rises a radiopaque button, and the support structure 
comprises a barbed protrusion for attaching the imagable body 
to the lumenal wall. Alternatively, the support structure 
comprises a radially expandable radiopaque band, preferably a 
helical coil, which engages the surrounding body lumen and 
which marks an axial target location for an end of the 
prosthesis. 

In yet another aspect, the present invention 
provides an endoluminal stent-graft comprising a tubular liner 
having a lumen which defines an axis and a perforate tubular 
frame supporting the liner. The frame has a plurality of 
integral marker elementiB formed by local variations in the 
perforations, the integral marker elements defining a pattern 
which indicates a position of the prosthesis when the 
prosthesis is imaged within the body lumen. Generally, the 
frame comprises a radiopaque material, and the marker elements 
comprise portions that are wider than the adjacent expandable 
frame arms to provide an enhanced radiographic contrast. 

The present invention further provides a method for 
fabricating a position indicating endoluminal prosthesis, the 
method comprising providing a tubular graft comprising a 
polyester fabric and applying a compound to the graft, the 
compound comprising a polyester matrix, radiopaque particles, 
and a polyester solvent so that the polyester matrix adheres 
to the polyester fabric and permanently affixes the radiopaque 
particles to the graft. 

In another aspect, the present invention provides a 
method for fabricating a position indicating endoluminal 
prosthesis for use in a body lumen of a patient body. The 
method comprises affixing a radially expandable frame to a 
tubular liner so that the frame supports the liner, and 
attaching a plurality of marker elements to the liner so that 
the elements define a pattern. The marker elements are 
capable of producing a sharp contrast when imaged so that the 
pattern indicates a position of the prosthesis when the 
prosthesis is imaged within the patient body. Preferably, the 
attaching step comprises stitching through at least one 
opening in each marker element. 
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In yet another aspect, the present invention 
provides a nethod for assembling an endoluainal prosthesis at 
a target location of a body luaen. The method comprises 
introducing a first tubular endoluminal prosthetic module into 
the body lumen and positioning the first module adjacent to 
the target location. The first module is radially expanded to 
deploy the module adjacent to the target location, the 
expanded first module having first and second marker elements 
disposed adjacent to a port. A second tubular prosthetic 
module is introducing into the body lumen and positioned 
within the port of the first module by imaging the first 
module and axial ly advancing the second module between the 
first and second marker elements. 

in yet another aspect, the present invention 
provides a method for positioning a tubular endoluainal 
prosthesis at a target location of a body luaen. The method 
coaprises introducing a guidewire through the body luaen and 
advancing the guidewire beyond the target location, and 
advancing the prosthesis over the guidewire so that the 
guidewire passes through a lumen of the prosthesis. The 
prosthesis is radially oriented by imaging the prosthesis 
within the body lumen and aligning an image of a marker 
element of the prosthesis with an image of the guidewire. 

In yet another aspect, the present invention 
provides a aethod for positioning a tubular endoluminal 
prosthesis at a target location of a body luaen, the aethod 
coaprising introducing the prosthesis into the body luaen and 
positioning the prosthesis adjacent to the target location. 
The prosthesis is radially oriented by iaaging the prosthesis 
within the body luaen and aligning an iaage of a first aarker 
eleaent of the prosthesis with an iaage of a second aarker 
eleaent of the prosthesis, wherein the first and second aarker 
eleaents are axially offset from each other. 

In yet another aspect, the present invention 
provides a method for verifying the radial orientation of a 
port of a branching tubular endoliminal prosthesis within a 
body lumen, the method coaprising introducing the prosthesis 
into the body luaen and radially orienting the prosthesis. An 
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end of the prosthesis which is separated from the port is 
deployed by axially withdrawing a surrounding sheath and 
allowing the prosthesis end to expand. At least one port 
orientation indicating marker element disposed on the expanded 
end of the prosthesis can then be imaged while the prosthesis 
adjacent the port remains in a compressed state, thereby 
clearly showing the radial orientation of the port while 
recompression of the prosthesis is still relatively easy. 

In yet another aspect, the present invention 
provides a method for deploying an endoluminal prosthesis, the 
method comprising introducing and deploying a marker element 
in a body lumen so as to mark a target location. The 
prosthesis is introduced into the body lumen and aligned with 
the marker element. These marker elements, which may comprise 
marker bands or barbed imagable bodies, are pjarticularly 
useful in follow-up procedures to monitor migration of the 
prosthesis or changes in aneurysms or other disease 
conditions, which will often appear as changes in the relative 
positions of the marker element and the prosthesis. 

In a final aspect, the present invention provides an 
endoluminal prosthesis comprising a high-strength frame 
material and a high-contrast image marker material. To avoid 
electrolytic corrosion of the prosthesis, the electromotive 
force characteristics of the frame and marker element 
materials are substantially similar. Preferably, the frame 
material comprises a shape memory alloy such as Nitinol«, 
while the marker element material comprises tantalum. 

BRIEF DB8CRZPSZ0H OF TBB DRMmiOfl 

Fig. 1 is a side view of an exemplary cylindrical 
vascular stent-graft having axially constant characteristics. 

Fig. 2 is a perspective view of an exemplary 
delivery catheter for use with the prostheses of the present 
invention, with a portion of the distal end broken away to 
disclose a prostheses therein. 

Pig. 3 illustrates a modular branching endoluminal 
prosthesis assembled from expansible prosthetic modules. 
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Pig. 4 is a schematic illustration of a method for 
selectively expanding an integral prosthetic sealing cuff. 

Figs. 5 A-C illustrate orientation indicating stent- 
grafts having a liner that supports marker elements, the 
marker elements comprising imagable bodies which define a 
pattern that facilitates orienting and assembling the 
prostheses in situ when the prosthesis is imaged 
fluoroscopically within a body lumen. 

Fig. 6 illustrates an endoluninal stent-graft having 
an alternative orientation indicating marker element structure 
formed integrally with the frame, according to the principles 
of the present invention. 

Fig. 7 illustrates a method for applying a 
radiopaque marker element to a polyester liner of an 
•ndoluminal stent-graft by painting the liner with a 
radiopaque compound and covering the marker with an overcoat. 

Figs. B-8 C illustrate a preferred radiopaque marker 
element comprising an imagable body in the form of a plate 
having a passage to facilitate attachment of the plate to the 
liner. 

Fig. 9 illustrates an alternative pattern of 
radiopaque marker elements to facilitate orientation and 
assembly of an endoluminal prosthesis. 

Figs. 10 A and B illustrate a still further 
alternative pattern of marker elements comprising wires having 
loops to facilitate stitching the marker elements to the 
liner. 

Fig. 11 illustrates an orientation indicating 
endoluminal prosthesis in small diameter configuration 
disposed within a delivery catheter, and shows a liner 
supported marker element which does not interfere with the 
expansion or compression of the prosthesis. 

Fig. 12 illustrates a method for radially orienting 
an endoluminal prosthesis by aligning a marker element of the 
prosthesis with a guidewire passing through the prosthesis 
while the prosthesis is disposed within the delivery catheter. 

Figs. 13 A and B illustrate a method for deploying a 
bifurcating prosthesis which includes verifying the 
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orientation of a branch port with port orientation indicating 
markers while the branch port remains compressed within the 
delivery catheter, and by advancing a secondary prosthesis 
through a gate at the expanded port, the gate defined by 
marker elements on either side of the port centerline. 

Figs. 14 A and B illustrate a method for deploying 
an endoluminal prosthesis by first placing a marker band, and 
by then deploying an end of the prosthesis adjacent the marker 
band. 

Fig. 15 illustrates a method for deploying an 
endoluminal prosthesis similar to the method illustrated in 
Figs. 14 A and B, in which a conformal sponge-like sealing 
gasket is deployed with two marker bands to clearly mark a 
target region and to seal between the end of the prosthesis 
15 and an irregular surrounding body lumen. 

Figs. 16 A-D illustrate barbed endoluminal iugable 
bodies and a method for their use to mark the target location 
for an endoluminal prosthesis, according to the principles of 
the present invention. 

20 

OBSCRXPTZOli OF THB 8PBCZFXC EHBODZMEIITS 
The present invention provides radially expansible 
tubular prostheses, particularly grafts, stents, and stent- 
grafts, which generally include discrete, liner supported 
marker elements that provide a high-contrast image when viewed 
under fluoroscopy, ultrasound, or some other surgical imaging 
modality, so as to facilitate the proper positioning of the 
prosthesis within a body lumen. The prostheses of the present 
invention are suitable for a wide variety of therapeutic uses, 
30 including stenting of the ureter, urethra, trachea, branchi, 
esophagus, biliary tract, and the like. The present devices 
and methods will also be useful for the creating of temporary 
or long term lumens, such as the formation of fistulas. 

The prosthetic structures of the present invention 
will find their most immediate use as endovascular prostheses 
for the treatment of diseases of the vasculature, particularly 
aneurysms, stenoses, and the like, and are especially well 
suited for therapies to treat abdominal aortic aneurysms 
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adjacent the aortal/iliac junction. These prostheses will 
generally be radially expansible from a narrow diameter 
configuration to facilitate introduction into the body lumen, 
typically during surgical cutdown or percutaneous introduction 
procedures. 

The prosthetic structures described hereinbeiow will 
find use in axially uniform cylindrical prostheses, in 
preassembled bifurcated prostheses, and as prosthetic modules 
which are suitable for selective assembly either prior to 
deployment, or in situ, such selective assembly of prosthetic 
nodules to form a customized endoluminal prosthesis is more 
fully described in co-pending U.S. Patent Application Serial 
NOS. 60/008,254 and 08/538,706 (Attorney Docket Nos. 16380-34 
and 16380-38) the full disclosures of which have previously 
been incorporated herein by reference. 

An exemplary cylindrical graft structure lo is 
illustrated in Pig. i. Prostheses 10 comprises a perforate 
tubular frame 12 which includes a plurality of independent 
(non-connected) ring frames 14. The tubular frame 12 supports 
an inner liner 18. Optionally, an outer liner is disposed 
over the ring frames, either inside of inner liner 18, or in 
combination therewith. 

To secure ring frames 14 in place, and to secure the 
liner to the perforate tubular frame 12, the liner is 
typically sutured to the frame, a wide variety of alternative 
liner/frame attachment mechanisms are available, including 
adhesive bonding, heat welding, ultrasonic welding, and the 
like. Where inner and outer liners are used, the ring frames 
nay be sandwiched between the liners and held in place by 
attaching the liners to each other. 

The prostheses 10 will typically have a length in 
the range from about 20 mm to 500 nm, preferably from 50 mm to 
200 mm, with a relaxed diameter in the range from about 4 am 
to 45 mm, preferably being in the range from about 5 mm to 
38 ma. 

Referring now to Fig. 2, an exemplary delivery 
catheter 30 for use with the endoluminal prostheses of the 
present invention comprises a tubular cover 32 and a shaft 34. 
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Cover 32 has a central lumen 36 extending from a proximal 
end 38 to a distal end 40. Shaft 34 is slidably received 
within central lumen 36 and extends proximally of cover 32. a 
plurality of runners 42 extend distally from shaft 34. 
5 Runners 42 line a portion of the inner surface of lumen 36, 
and slide within the lumen of the shaft. Shaft 34 also has a 
lumen, in which a core shaft 44 is slidably disposed. Core 
shaft 44 has a guide wire lumen 46. Nosecone 48 is fixed to 
the distal end of core shaft 44, and can therefore be 
10 manipulated independently of runners 42. 

Prostheses 10 is radially compressed and restrained 
within the plurality of runners 42. in turn, cover 32 
prevents runners 42 from expanding outward. Runners 42 are 
formed from a hard material, and distribute the expansion load 
15 of prostheses 10 over the inner surface of central lumen 36. 
The deploying force is applied proximally against a slider SO 
attached to a distal end 38 of cover 30, while holding a luer 
fitting 52 at the distal end of shaft 34, thereby withdrawing 
the cover proximally from over the prostheses. An additional 
luer adapter 54 at the distal end of core shaft 44 allows the 
core shaft to be manipulated independently, and to be 
releasibly secured to the shaft 34. Exemplary methods and 
devices for placement of the prostheses of the present 
invention are more fully described in co-pending U.S. Patent 
Application Serial Ho. 08/475,200, filed June 7, 1995 
(Attorney Docket No. 16380-001130) , the full disclosure of 
which is incorporated herein by reference. 

Although the structures and methods of the present 
invention will at times be described with reference to simple 
tubular prostheses having a single lumen, it should be 
understood that the present invention also generally 
encompasses more complex branching and modular endoluninal 
prostheses. Referring to Fig. 3, for example, a branching 
endoluminal stent-graft 60 is assembled from prosthetic 
modules selected to match the needs of the diseased vascular 
system of the. patient, a common lumen cuffed prosthetic 
laodule 62 seals and anchors the assembled prosthesis in the 
body lumen, typically within the abdominal aorta below the 
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renal arteries and above the left and right iliac arteries. 
Y-connector module 64 engages cuffed comnion lumen module 62, 
and separates the blood flow for the iliac arteries. First 
angled branching prosthetic module 66 and second angled 
branching prosthetic module 68 engage the branch lumens of Y- 
connector module 64 to direct the luminal flow along first and 
second branching body lumens. 

The modular construction and expansible structure of 
branching prosthesis 60 allows individual tailoring of the 
common lumen, first branch lumen, and second branch lumen to 
match the geometry of the body lumen system. For example, a 
maximum perimeter of common lumen cuffed module 62 may be 
selected independently of the branching lumen perimeter 
limits. Additional sealing cuff structures and methods are 
described in co-pending U.S. Patent Application Serial No. 
08/525,989, filed September 8, 1995, (Attorney Docket Mo. 
16380-003000) , the full disclosure of which is also 
incorporated herein by reference. 

The orientation indication markers of the prostheses 
of the present invention are particularly advantageous for use 
with the radially expansible prosthesis shown schematically in 
Fig. 4. An expansible prosthesis 70 has frame rings 72 
sutured to an expansible liner 74. Expansible liner 74 is 
formed from a material which expands plastically when 
subjected to a stress beyond a yield strength, and which 
remains expanded when the stress is removed, ideally 
exhibiting little or no spring back. Suitable expansible 
liner materials include partially oriented polyester fibers, 
PTFE, or inexpansible fibers wrapped around an expansible 
fiber, a frangible fiber, or a dissolvable fiber, and the 
like. By subjecting a cuff 76 to the expansive force of 
balloon 78, the liner perimeter at a selected cross-section is 
increased. Advantageously, the expansion of expansible 
prosthesis 70 may be performed prior to shipping the 
prosthesis as a production step, at the surgical site prior to 
introduction of the prosthesis within the patient body, or 
preferably, after deployment of the prosthesis within a body 
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lunen using an angioplasty-type balloon catheter or other 
minimally invasive expansion device. 

Frame rings 72 of expansible prosthesis 70 may 
comprise a material which is resilient, malleable, or some 
combination of the two. when resilient, frame rings 72 will 
preferably be radially restrained by expansible liner 74, even 
after expansion of the liner to the predetermined limit. Such 
a liner-restrained stent-graft structure avoids any loosening 
of the liner after balloon 78 has been removed. As explained 
in co-pending U.S. Patent Application Serial No. 08/595,944, 
filed February 6, 1996 {Attorney Docket No. 16380-004010), 
the full disclosure of which is also incorporated herein by 
reference, the cuff 76 of expansible prosthesis 70 often 
expands only to a predetermined limit, at which an element of 
either the liner 74 or the frame rings 72, or in some 
embodiments, the interface between the two, impedes further 
e]q)ansion. 

Referring now to Fig. 5 A, an orientation indicating 
bifurcated prosthesis 80 includes a plurality of discrete 
marker elements 82 which form an orientation indicating 
pattern 84 when imaged using fluoroscopy, ultrasound, or other 
imaging modalities, such bifurcated prostheses will be 
particularly useful for reinforcing abdominal aortic aneurysms 
which extend into one or both iliac arteries, and will 
typically be used in combination with a secondary prosthetic 
module engaging port 85 to seal the port to the body lumen 
system. Toward that end, pattern 86 preferably indicates the 
axial location of the ends, and the axial and radial 
orientation of port 85, when the prosthesis is in a radially 
compressed configuration within a delivery catheter, and after 
deployment to assist deploying the secondary prosthesis within 
port 85. 

Minimizing the radial dimensions of the prosthesis 
significantly facilitates the intravascular maneuvering of the 
prosthesis during positioning and deployment. Therefore, it 
is generally desirable that marker elements 82 have the least 

in the delivery catheter 
cross-section. Furthermore, marker elements should not 
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interfere with the radial expansion of the prosthesis from the 
radially coapressed configuration to the radially expanded 
configuration, during which perforations 86 of frame 88 expand 
substantially. On the other hand, the pattern should provide 
a sharp image, despite the fact that frame 88 will often at 
least partially obscure the pattern when the prosthesis is 
imaged. 

For the above reasons, marker elements 82 are 
preferably aligned with perforations 86, ideally being 
substantially disposed within the perforations to maximize 
their image contrast against the generally radiographically 
clear liner 90. Generally, supporting the marker elements 
with the liner, rather than attaching them directly to the 
frame, also helps avoid interference between the marker 
elements and the expansion of the surrounding frame structure. 
Additionally, supporting the marker elements on the liner so 
that they are separated from the frame will help to avoid 
erosion of the frame, as the marker elements will not rub 
against the frame with physiological movement. 

Pattern 84 defined by marker elements 82 includes 
several novel features. A port orientation indicator 92 is 
preferably disposed adjacent an end of the prosthesis which 
will be expanded before the port, and helps to verify that the 
orientation of port 85 will be aligned properly with the 
intended branching body lumen before the port is expanded in 
position. Pine rotational alignment of the prosthesis is 
facilitated by including roughly opposed marker elements 94, 
so that the preferred radial orientation of the prosthesis can 
be provided by orienting the imaging mechanism relative to the 
body lumen system. Surprisingly, in work done in connection 
with the present invention, such radial alignment has been 
found to be improved by axially offsetting opposed marker 
elements, so that the elements do not partially block each 
other's image during alignment, and to help distinguish a 
"front" marker element from a "back" marker element. 

A still further feature of pattern 84 is the two 
axially separated gates 96 adjacent port 85. The axial 
positions and separation of these gates gives a visual 
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indicator of the allowable prosthetic module overlap when the 
prosthesis is deployed and imaged in situ. Modular prostheses 
having less than a predetermined overlap may not be adequately 
fixed together, while branches which extend too far into the 
5 bifurcated prosthesis may lead to imbalanced flow between the 
branches, or may even fold over and substantially block the 
lumenal flow to one or both branches. 

Generally, an overlap is acceptable when an end (or 
an associated overlap marker) of a secondary prosthesis is 
10 disposed between the gates. Advantageously, the gates are 
defined by markers on either side of the port centerline, 
greatly improving the visibility of the markers when the' 
delivery catheter of a secondary prosthesis enters tiie port. 
Furthermore, a pattern including such gates provides a clear 
15 demarkation of the target path between the markers when 

advancing a guidewire and/or a delivery catheter into the port 
85 of bifurcated prosthesis 80. 

Referring now to Figs. 5 B and C, branch secondary 
prosthetic module lOO and trunk secondary prosthetic module 
102 also include image markers 82 which define patterns to 
facilitate axially positioning and radially orienting these 
modules within a body lumen, particularly with reference to 
bifurcated prosthesis 80 described above. 

Bach of branch module lOO and trunk module 102 
include marker elements 106 which produce an image which is 
aligned along a prosthetic centerline 104 when the prosthesis 
is properly positioned relative to the imaging apparatus. 
Advantageously, such a marker element may be aligned with a 
guidewire passing through the prosthetic lumen even if no 
other rotational alignment marker is provided, thereby 
minimizing the total number of markers. Asymmetric marker 
elements 108 are radially offset from the centerline markers, 
preferably defining a radial angle between about 15 • and 70« 
with centerline markers 106, to ensure that the modules are 
not 180- out of rotational alignment, which could be 
problematic if the modules have a preferred bend angle or some 
other asymmetric structure, a roughly 30 • radial angle is 
preferred, as flat thin marker elements will produce smaller 
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images when viewed edge-on that tend to blend into the frame 
as the angle approaches 90\ while smaller angles will be 
difficult to differentiate. Furthermore, such significantly 
off-centerline markers are less likely to be overshadowed by 
subsequent guidewire or delivery catheter placements. Left 
and right off-centerline markers may be included to ensure the 
prosthesis is not roughly iso* out of rotational alignment. 
The asymmetric marker elements can also easily be aligned with 
the port indicator markers 92 or otherwise consistently 
aligned with some other imagable structure of the bifurcated 
prosthesis of Fig. 5 A. 

Referring now to Fig. 6, one optional structure for 
the marker element comprises an integral frame marker lio 
formed by locally varying the perforation pattern of the 
frame. The frame marker no is generally wider than the 
surrounding frame structure, and will therefore provide an 
identifiable marker. As the frame material will generally be 
selected for strength rather than imaging contrast (often 
comprising a high strength biocompatible alloy such as 
stainless steel, a shape memory alloy such as Nitinol", or the 
like), such an integral marker may only provide a moderate 
image under fluoroscopy. Conveniently, the image contrast of 
such an integral marker element may be improved by selectively 
thickening, or by coating integral frame marker no with a 
high contrast material, such as gold, platinum, tantalum, or 
the like. 

Regardless of the specific radiopague marker 
structure selected, the prostheses of the present invention 
will often include different materials for the frame and for 
the marker elements. As described above, the frame material 
will often comprise a high strength metal, while the marker 
elements will generally comprise a radiopaque metal or a metal 
which produces an enhanced ultrasound image. One potential 
problem with known endoluminal prostheses having such 
dissimilar metals is that a substantial difference in 
Electromotive Force (EMP) of adjacent metallic materials may 
promote corrosion. To avoid this problem, the present 
invention provides endoluminal prostheses with frames and 
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marker element having similar EMF characteristics. A 
particularly preferred combination combines frames which 
include Nitinol and marker elements which include tantalum. 
These materials exhibit excellent strength and imagability, 
respectively, and are of sufficiently similar characteristics 
to avoid electrolytic corrosion. 

An alternative frame supported marker element, 
perforation cross-member 112, is also illustrated in Fig. 6. 
This structure will also attach directly to the frame, but 
will generally have a coiled or otherwise deformable structure 
to accommodate the changes in perforation size during 
deployment. Unfortunately, such frame supported marker 
elements will tend to interfere to some extent with the radial 
expansibility of the frame. 

To avoid marker elements which displace or otherwise 
interfere with the expansible frame structure, the present 
invention also provides radiopaque ink marker elements 114 as 
illustrated in Pig. 7. such markers may be applied to a 
polyester fabric liner 118 with a small caliber paintbrush 
116, by silkscreening, or the like, and will generally be 
applied as a radiopaque compound comprising radiopaque 
particles in a polyester matrix which is dissolved in a 
polyester solvent. The radiopaque compound 120 will wick 
through and bond permanently to the liner, while an overcoat 
122 (applied as a solution comprising a polyester matrix in a 
polyester solvent) will help avoid flaking of the dried 
compound. 

Preferably, the radiopaque particles comprise 
tantalum, the particles ideally being between about l and 5 
microns, and are continuously blended with the compound before 
application to the liner. A suitable polyester matrix may 
comprise a polyester such as Dacron"", while the solvent may 
include hexofluoro 2-propanol, methylene chloride, a 
combination of both, or the like, in some embodiments, it may 
be advantageous to pre-wet the polyester liner prior to 
applying the compound with a polyester solvent, typically 
comprising a diluted version of the solvent used in the 
radiopaque compound. 
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A preferred marker element structure comprising an 
imagable body attached to the liner will be described with 
reference to Figs. 8-8 c. The imagable body here comprises a 
plate 130 stitched to liner 132 with sutures 134. Plate 130 
includes two passages 136 to facilitate attachment, and will 
generally comprise a material which provides a high contrast 
when imaged, typically including a radiopaque material such as 
gold, platinum, or other implantable metals. Ideally, plate 
130 comprises tantalum having a thickness of at least about 
.002 inches, preferably being about .01 inches. Such tantalum 
plates may be mass produced by die cutting or laser cutting 
sheet stock, preferably leaving a chain of plates 135 attached 
by detachable tabs 138 and ready for use. In most 
embodiments, the edges of plates 130 will be rounded to avoid 
any injury to adjacent tissues, and to avoid cutting any liner 
or attachment fibers. 

The plates will often be sewn to the outer surface 
of the liner material to avoid interference with the vascular 
flow or the generation of thrombus. Advantageously, where the 
liner is also supported by an external fraae 140, the 
prosthetic lumen remains uninterrupted. Furthernore, where 
the plates are generally attached along a radius of the liner, 
they should not substantially interfere with expansion of the 
liner material. Optionally, expansible sutures (such as a 
partially oriented polyester yam) may be used to attach the 
plates. 

The imagable bodies of the present invention could 
comprise a variety of alternative shapes and liner attachment 
nechanisms. snaps, rivets, staples, and the like could attach 
through the liner, or knobs or other shapes could be sewn, 
adhesively bonded, or otherwise affixed to the liner within 
the scope of the present invention. Plates 130 having at 
least one passage 136 are generally preferred, however, as 
they provide a relatively large image, do not substantially 
distort or interrupt the prosthetic Ivmen, and can be very 
securely attached to the liner. 

An alternative orientation indicating pattern is 
illustrated in Fig. 9, the pattern including opposed marker 
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ttlenents 142 which axially overlap when the prosthesis is 
rotationally aligned relative to the imaging system. 
Additionally, the port orientation is here indicated by 
alternating front port orientation markers 144 and rear port 
orientation markers 146. When these alternating port markers 
are lined up and evenly spaced, the prosthesis is aligned and 
the port is on the side of the prosthesis toward which the 
line of port orientation markers slant. 

A still fiirther marker element and pattern are 
illustrated in Figs. 10 A and B. Pattern 150 is defined by 
the images of wires 152 having loops 154 for attachment to the 
liner. Optionally, the contrast of the wires may be enhanced 
by windings 156, the wires and windings comprising a high 
contrast material, often including gold, platinum, tantalum, 
or the like. Advantageously, a single gate 96 formed with 
such wire marker elements may indicate an axial overlap range 
by careful selection of the length of the wires. 

Referring now to Pig. ii, one advantage of the liner 
supported marker elements of the present invention is that the 
marker element can fold out of the way of the frame with the 
liner. Ring frame 14 can be tightly compressed within sheath 
32, leaving little space between the frame arms. 

Referring now to both Figs, il and 12, a guidewire 
134 may be used to radially align a prosthesis prior to 
deployment by rotating the cathetetr within a body lumen l to 
align an image of the guidewire with an image of a marker 
element. Hence, only a single marker element may be required 
for radial orientation. 

A method of deploying branching prosthesis 80 and 
branch module lOO for treatment of an abdominal aortic 
aneurysm AAA is illustrated in Figs. 13 A and B. Aneurysm AAA 
extends along the aortic artery A from below the renal 
arteries R and onto the iliacs I. The imaging system is 
typically oriented toward the plane of the aorta/ iliac 
bifurcation. The catheter is introduced and axially 
positioned under fluoroscopy so that the prosthesis extends 
along the weakened aorta and into one of the iliacs. By 
rotating the catheter until the port indicator marker elements 
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92 are generally on the side of the opposite iliac, the port 
can be generally oriented to accept branch module lOO. 
Further alignment can be provided by aligning axially offset 
opposed markers 94. 

Once the prosthesis appears to be properly 
positioned and aligned, the distal end of the prosthesis is 
deployed. Advantageously, this provides a clear view of port 
orientation indicating marker elements 92 well before the port 
itself is expanded. If further rotational adjustment is 
necessary, it may be possibly to simply rotate the expanded 
prosthesis end against the healthy tissue beyond the aneurysm. 
Alternatively, the expanded end may be withdrawn into the 
catheter and repositioned or replaced much easier than if the 
sheath is withdrawn beyond the port itself, clearly, if a 
superior approach is used, the port orientation indicating 
markers may instead be disposed adjacent the prosthetic branch 
end within the iliac to provide similar benefits. 

The gates 96 adjacent the port on prosthesis 80 
clearly indicate the path of the port axis to facilitate 
introduction of guidewire 134 and the delivery catheter for 
the branch module. Advantageously, the marker elements which 
define the gate can remain visible even when the delivery 
catheter is disposed in the port. This significantly eases 
positioning marker elements 82 adjacent the end of the branch 
module axially between gates 96, thereby assuring that the 
prosthetic overlap is within the predetermined allowable 
range. 

Methods and devices for providing target location 
markers with a body lumen, generally for use prior to 
deploying and endoluminal prosthesis, are shown in Figs. 14 A 
through 16 D. Referring first to Pigs. 14 A and B, a body 
lumen marker comprising a helical marker band 140 may be 
deployed with a catheter 142 to mark the specific target 
location for an end of the branching prosthesis 80. 
Advantageously, the marker band delivery catheter 142 may 
incorporate intravascular ultrasound (IVUS) imaging 
capabilities to more accurately determine the extent of 
aneurysm AAA than is possible using fluoroscopy alone. The 
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deployed marker band 140 thereafter clearly narks the location 
for a subsequent f luoroscopically directed endoluminal 
prosthesis deployment (as shown in Pig. 14 B) , the marker band 
generally comprising a radiopaque material. 

Optionally, a sealing gasket material is deployed 
with marker band 140 to seal between the later-deployed 
prosthesis and the surrounding body lumen, as shown in Fig. 
15. Such a sealing gasket preferably comprises a sponge-like 
silicone or other polymer, as more fully explained in co- 
pending U.S. Patent Application Serial No. 08/525,989, 
(Attorney Docket No. 16380-003000) , previously incorporated by 
reference. Additionally, two or more marker bands 140 may be 
deployed with each gasket to indicate a range of allowable 
axial positions, and optionally to help affix the gasket in 
position, such marked sealing gaskets may be provided at each 
end of the prosthesis to fully seal the prosthetic lumen to 
the body lumen system. Marker bands 140 may comprise 
resilient or plastically expansible materials, but will 
preferably have an axial length of less than about 2 cm, 
ideally less than about 1 cm, to accurately mark a specific 
axial position. 

Alternative endoluminal body lumen miarkers are 
illustrated in Pigs. 16 A-D. Generally, these endoluminal 
markers 150 comprise imagable bodies 152 which are held in 
position by barbed protrusions 154 which penetrate at least 
partially into the lunenal wall w. Advantageously, the 
tubular endoluminal prosthesis may be positioned over the body 
lumen markers, thereby helping to hold them in position 
against the body lumen wall, in some embodiments, the body 
lumen markers may include hooks 156 or other prosthesis 
engaging structures opposite the barbed protrusion 154 to 
maintain the position of the subsequently deployed prosthesis 
within the body lumen. The body lumen markers will typically 
comprise a radiographic material such as tantalum, gold, 
platinum, or the like, and may be deployed using a high 
torque, high control dslivery catheter, a balloon catheter, or 
the like. 
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Although the exemplary embodiments have been 
described in some detail, by way of illustration and example, 
the scope of the present invention is limited solely by the 
appended claims. 

The marker bands 140 and endoluminal mjurkers 150 may 
also find use in measuring or verifying the actual diameter of 
the vessel prior to prosthesis. Such independent marker 
elements which engage the lumenal wall will also be useful in 
follow-up procedures to determine whether the prosthesis has 
migrated, whether there has been any change in length or 
diameter of the aneurysm or the prosthesis over time. 
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WHAT IB CIATMBP 

1 !• An endolwninal prosthesis comprising: 

2 a tubular graft having a proximal end, a distal end, 

3 and a lumen therebetween, the graft comprising a polyester 

4 fabric; and 

5 a radiopaque marker disposetd on the graft, wherein 

6 the marker has been applied to the graft as a compound 

7 comprising radiopaque particles, a polyester matrix for 

8 affixing the radiopaque particles on the graft, and a 

9 polyester solvent. 

1 2* A prosthesis as claimed in claim 1, wherein the 

2 radiopaque particles comprise tantalum particles having an 

3 average diameter of between about 1 and 5 microns. 

1 3. A prosthesis as claimed in claim l, further 

2 comprising a protective overcoat over the marker, the overcoat 

3 applied as a solution comprising polyester and a polyester 

4 solvent. 

1 4. A prosthesis as claimed in claim 3, wherein a 

2 pre-coat has been applied over the graft before the marker, 

3 the pre-coat applied as a solution comprising a polyester 

4 solvent. 

1 5. An endolumlnal prosthesis for deployment in a 

2 body lumen of a patient body, the prosthesis comprising: 

3 a tubular fabric liner having a proximal end, a 

4 distal end, and a lumen therebetween; 

5 a radially expandable frame supporting the liner; 

6 and 

7 a plurality of imagable bodies attached to the 

8 liner, the imagable bodies providing a sharp contrast so as to 

9 . define a pattern which indicates the prosthesis position when 
10 the prosthesis is imaged within the patient body. 
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6. A prosthesis as claimed in claim 5, wherein the 
frame comprises a tube defining a plurality of radial openings 
when expanded, and wherein images of at least some of the 
iaagable bodies are visible through associated openings of the 
expanded frame. 

7. A prosthesis as claimed in claim 6, wherein the 
iaagable bodies appear substantially within the associated 
openings when the expanded prosthesis is imaged within the 
patient body. 

8. A prosthesis as claimed in claim 5, wherein 
each imagable body defines a passage therethrough to 
facilitate attaching the imagable body to the liner. 

9. A prosthesis as claimed in claim 8, wherein 
each inagable body coaprises a plate having first and second 
opposed major surfaces, wherein the passage extends between 
the major surfaces, and wherein the first major surface is 
disposed adjacent the liner. 



10. A prosthesis as claimed in claim 9, wherein 
each plate has two passages therethrough, and wherein the 
plate is stitched to the liner. 

11. A prosthesis as claimed in claim 5, wherein the 
imagable bodies are radiopaque. 

12. A prosthesis as claimed in claim 5, wherein the 
iugabie bodies provide enhanced ultrasound images. 

13. An endoluminal prosthesis system including the 
prosthesis of claim 5 and further comprising a delivery 
catheter sheath slidably disposable over the prosthesis, 
wherein the imagable bodies produce distinct images when the 
frame is compressed within the catheter and the prosthesis is 
iaaged within the body lumen. 
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14. An endoluminal prosthesis for deployment in a 
body luaen of a patient body, the prosthesis comprising: 

a tubular fabric liner having a proximal end, a 
distal end, and a lumen therebetween; 

a radially expandable frame supporting the liner; 

and 

a plurality of radiopaque marker elements, each 
marker element defining a passage therethrough and stitched 
through the passage to the liner, the marker elements 
indicating a position of the prosthesis when the prosthesis is 
imaged within the body lumen. 

15. A prosthesis as in claim 14, wherein the marker 
elements are not directly attached to the frame. 

16. A prosthesis as in claim 15, wherein the marker 
elements are not in contact with the frame when the frame is 
radially expanded. 

17. A prosthesis as in claim 14, wherein the marker 
elements comprise plates sewn to the liner, the plates 
comprising a material selected from the group consisting of 
tantalum, platinum, and gold. 

18. An endoluminal prosthesis as in claim 14, 
wherein the marker elements comprise wire having a plurality 
of loops which define a plurality of passages therethrough. 

19. An endoluminal prosthesis for deployment in a 
body lumen of a patient body, the prosthesis comprising: 

a radially expandable tubular body having a proximal 
port, a distal port, and a lumen therebetween, the lumen 
defining a centerline; and 

a plurality of marker elements which define a 
pattern when the prosthesis is imaged within the patient body, 
wherein the pattern includes a gate disposed adjacent to the 
distal or proximal port, the gate comprising radially 
separated marker elements on opposed sides of the centerline 
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When the prosthesis is properly orientated so as to facilitate 
deployment of a secondary prosthetic module within the 



13 adjacent port of the prosthesis. 



1 
2 



3 



20. A prosthesis as claimed in claim 19, wherein 
the pattern includes two axially separated gates defining an 
allowable prosthetic overlap region therebetween. 



1 21. A prosthesis as claimed in claim 19, wherein 

2 the pattern includes at least one marker element that is 
rotatably alignable with the centerline within the body lumen 



1 22. A prosthesis as claimed in claim 21, wherein 

2 the pattern includes two marker elements which are roughly 

3 radially opposed relative to the centerline, wherein the two 

4 marker elements are axially offset. 

1 23. A prosthesis as claimed in claim 19, wherein 

2 the prosthesis comprises a bifurcated tubular body having a 

3 trunk portion, a first branch portion, and a branch port for 

4 receiving a second branch portion, and wherein the pattern 

5 includes at least one marker element adjacent the distal end 

6 of the prosthesis which indicates the orientation of the 

7 branch port before deployment of the branch port. 

1 24. An endoluminal body lumen marker for use in 

2 positioning a later deployed endoluminal prosthesis in a body 

3 lumen of a patient body, the lumen marker comprising a body 

4 which produces a sharp contrast when imaged within the body 

5 lumen, and a support structure which maintains a position of 

6 the lumen marker within the body lumen until the prosthesis is 

7 positioned and deployed across the lumen marker. 

1 25. A body lumen marker as claimed in claim 24, 

2 wherein the body comprises a plate, and wherein the support 

3 structure comprises a barbed protrusion for attaching the 

4 plate to the lumenal wall. 
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1 26. A body lumen marker as claimed in claim 24, 

2 wherein the deployed marker has an axial length of less than 

3 about 2 cm. 

1 27. A body lumen marker as claimed in claim 24, 

2 wherein the support structure comprises a radially expandable 

3 radiopaque band which engages the surrounding body lumen and 

4 which marks an axial target location for an end of the 

5 prosthesis. 

1 28. A body lumen marker as claimed in claim 27, 

2 Wherein the band comprises a helical coil before radial 

3 expansion. 

1 29. A body lumen marker as claimed in claim 27, 

2 further camprising a conformable tubular gasket which expands 

3 with the band and which seals between the prosthesis and the 

4 surrounding body lumen when an end of the prosthesis is 

5 deployed within the axial target location. 

1 30. A body Iximen marker as claimed in claim 29, 

2 further comprising a hook extending from the imagable body 

3 roughly opposite the barbed protrusion to anchor the 

4 prosthesis deployed over the imagable body. 

1 31. An endoluminal stent-graft comprising: 

2 a tubular liner having a lumen which defines an 

3 axis; and 

4 a perforate tubular frame supporting the liner, the 

5 frame having a plurality of integral marker element formed by 

6 local perforation variations, the integral marker elements 

7 defining a pattern which indicates a position of the 

8 prosthesis when the prosthesis is imaged within the body 

9 lumen. 

1 32. A stent-graft as claimed in claim 31, wherein 

2 the frame comprises a radiopaque material, and wherein the 

3 marker elements comprise portions that are wider than adjacent 
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expandable structural elements of the frame to provide an 
enhanced radiographic contrast. 

33. A method for fabricating a position indicating 
endoluminal prosthesis, the method comprising: 

providing a tubular graft comprising a polyester 
fabric; / 

applying a compound to the graft, the compound 
comprising a polyester matrix, radiopaque particles, and a 
polyester solvent so that the polyester matrix adheres to the 
polyester fabric and permanently affixes the radiopaque 
particles to the graft. 

34. A method as claimed in claim 33, further 
comprising applying a solution comprising polyester and a 
polyester solvent over the compound to form a protective 
overcoat. 



35. A method as claimed in claim 34, further 
comprising applying a solution coiiq;>rising polyester and a 
polyester solvent before applying the compound. 

36. A method for fabricating a position indicating 
endoluminal prosthesis for use in a body lumen of a patient 
body, the method comprising: 

affixing a radially expandable frame to a tubular 
liner so that the frame supports the liner; and 

attaching a plurality of marker elements to the 
liner so that the elements define a pattern, the marker 
•leaents capable of producing a sharp contrast when imaged so 
that the pattern indicates a position of the prosthesis when 
the prosthesis is imaged within the patient body. 

37. A method as claimed in claim 36, wherein the 
attaching step comprises stitching through at least one 
opening in each marker element. 
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1 38. A method for asseiabling an endoluminal 

2 prosthesis at a target location of a body lumen, the method 

3 comprising: 

4 introducing a first tubular endoluminal prosthetic 

5 module into the body lumen; 

6 positioning the first module adjacent to the target 

7 location; 

8 radially expanding the first module to deploy the 

9 module adjacent to the target location, the expanded first 

10 module having first and second marker elements disposed 

11 adjacent to a port; 

^2 introducing a second tubular prosthetic module into 

13 the body lumen; and 

^* positioning the second module within the port of the 

15 first module by imaging the first module and axially advancing 

16 the second module between the first and second marker 

17 elements. 

1 39. A method as claimed in claim 38, wherein the 

2 second module positioning step further comprises axially 

3 advancing the second module within the port beyond the first 

4 and second marker elements while the images of the first and 

5 second marker elements are visible on opposite sides of the 

6 second module. 

1 40. A method as claimed in claim 39, wherein the 

2 second module positioning step further comprises axially 

3 positioning an element of the second module within the port 

4 between an axial position of the first and second marker 

5 elements and an axial position of third and forth marker 

6 elements of the first module. 

1 41. A method for positioning a tubular endoluminal 

2 prosthesis at a target location of a body lumen, the method 

3 comprising; 

4 introducing a guidewire through the body lumen and 

5 advancing the guidewire beyond the target location; 



6 
7 
8 
9 
10 
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advancing the prosthesis over the guidewire so that 
tha guidewire passes through a lumen of the prosthesis; 

radially orienting the prosthesis by imaging the 
prosthesis within the body lumen and aligning an image of a 
marker element of the prosthesis with an image of the 



11 guidewire. 



1 42. A method for positioning a tubular endoluminal 

2 prosthesis at a target location of a body lumen, the method 

3 comprising: 

4 introducing the prosthesis into the body lumen; 

5 positioning the prosthesis adjacent to the target 

6 location; 

radially orienting the prosthesis by imaging the 
prosthesis within the body lumen and aligning an image of a 
first marker element of the prosthesis with an image of a 
second marker element of the prosthesis, wherein the first and 
second marker elements are axially offset from each other. 

1 43. A method for verifying the radial orientation 

2 of a port of a branching tubular endoluminal prosthesis within 

3 a body lumen, the method comprising: 
introducing the prosthesis into the body lumen; 
radially orienting the prosthesis; 
deploying an end of the prosthesis which is 

separated from the port by axially withdrawing a surrounding 
sheath and allowing the prosthesis end to expand resiliently; 



7 
8 
9 
10 
11 
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12 



imaging at least one port orientation indicating 
marker element disposed on the expanded end of the prosthesis 
while the prosthesis adjacent the port remains compressed. 

1 44. A method for deploying an endoluminal 

2 prosthesis, the method comprising: 
introducing a marker element into a body lumen and 

deploying the marker element so as to mark a target location 
of the body lumen; 

introducing the prosthesis into the body lumen; 



3 
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7 aligning the prosthesis with the deployed marker 

8 element; and 

9 deploying the aligned prosthesis within the body 
10 liunen. 

1 45 « A method as claimed in claim 44, further 

2 comprising imaging the marker element and prosthesis in the 

3 body lumen to determine changes in their relative positions. 

1 46. An endoluminal prosthesis comprising: 

2 a freune comprising a high-strength material; and 

3 a marker element comprising a high-contrast imagable 

4 material 

5 wherein the high-strength and high-contrast 

6 materials have similar electromotive force characteristics to 

7 avoid corrosion. 



1 

2 
3 



47. A prosthesis as claimed in claim 46, wherein 
the high-strength material comprises a shape memory alloy, and 
wherein the high-contrast material comprises tantalum. 
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